T he prevalence of sleep disordered breathing among middleaged adults was reported to be 4% in men and 2% in women in the cross-sectional survey of the Wisconsin Sleep Cohort Study. 1, 2 Prevalence estimates from studies with probability samples range for obstructive sleep apnea syndrome (OSAS) of at least mild severity as defined by apnea-hypopnea index (AHI) ≥ 5/h, from 3% to 28%; for OSAS of at least moderate severity defined by AHI ≥ 15/h, estimates range from 1% to 14%. 3 Tishler et al. reported a 5-year follow-up survey on the population in the Cleveland Family Study. Among subjects with an AHI < 5/h, moderate sleep disordered breathing was found in 7.5% while mildly to moderate sleep disordered breathing was found in 16%. 4 In Asian countries, on the other hand, a survey of Korean middle-aged or senior residents showed that sleep disordered breathing in those with an AHI ≥ 5/h was prevalent in 27% of males and 16% of females. When the coexistence of excessive daytime sleepiness was defined as OSAS, OSAS was prevalent in 4.5% of males and 3.2% of females. 5 Asians have higher morbidity from severe OSAS than Caucasians. 6 In addition, concomitance of obesity with OSAS is less frequent in Asians, 7 and in this population OSAS becomes severe despite mild obesity. 8 As causal factors, the craniomandibular factors 7 have been suggested. All Japanese people may be at risk for OSAS. Sleep fragmentation associated with nocturnal respiratory events and hypoxia adversely affects various physiological functions such as those of the respiratory, cardiovascular, and endocrine systems as well as mental function. Obstructive sleep apnea (OSA) might also increase morbidity and mortality related to ischemic heart failure, arrhythmia, and cerebrovascular disease (CVD). [9] [10] [11] The Sleep Heart Health Study, conducted in 2001 in the USA, involved performing polysomnography (PSG) on 6,424 healthy subjects aged over 40 years. The results revealed that subjects with an AHI of more than 11.0/h had a significantly higher prevalence of CVD, coronary heart disease, and heart failure than those with an AHI of 0 to 1.3/h. 9 In fact, OSA was identified as a risk factor for CVD independent of other risk factors, such as hypertension. 12 Furthermore, accumulating evidence suggests that OSA severity correlates with the development of CVD. 9 Also, it has been reported that the more severe the OSA, the higher the risk of CVD development.
ScientiFic inveStigAtionS
Study objectives: We investigated the prevalence of silent cerebrovascular lesions in patients with obstructive sleep apnea (OSA) and the correlation between OSA severity and prevalence of silent cerebrovascular lesions in Japanese patients. Methods: Study subjects were 192 polysomnography (PSG)-confirmed patients who visited the sleep disorders clinic in our university hospital. None had a history of cerebrovascular disease (CVD). We performed a cross-sectional study on OSA severity and the prevalence of silent cerebrovascular lesions detected by brain MRI analysis. Results: The control (AHI < 5/h) group included 19 subjects with a mean AHI of 1.7 ± 1.6/h, the mild OSAS (AHI 5 to < 15/h) group included 25 patients with a mean AHI of 9.5 ± 3.7/h, the moderate OSAS (AHI 15 to < 30/h) group included 35 patients with a mean AHI of 22.0 ± 7.0/h while the severe OSAS (AHI ≥ 30/h) group included 113 patients with a mean AHI of 59.9 ± 20.5/h. A larger percentage of patients with severe OSAS had a higher BMI and hyperglycemia than those with mild or moderate OSAS and control subjects (p < 0.05). On the other hand, it has been suggested that the presence of silent cerebrovascular lesions is the preconditioning phase of CVD from the viewpoint of preventive medicine. In the Rotterdam Scan Study, 13 which included follow-up for 4.2 years, brain magnetic resonance imaging (MRI) analysis was performed on 1,077 healthy adults aged 60 to 90 years without dementia; the results showed that the prevalence of symptomatic CVD was 5 times as high in people with silent cerebrovascular lesions as in those not so affected. SpO 2 monitoring by pulse oximetry revealed that of all patients at high risk for CVD, a high prevalence of silent lacunar infarction was observed in those complicated with nocturnal hypoxia.
14 The use of diagnostic imaging for clinical analysis of silent CVD has been the topic of several reports.
1,2,9-12 However, investigations regarding symptomatic CVD have traditionally involved the use of self-assessment questionnaires to gain clinical information. The use of MRI to analyze in detail the relationship between silent cerebrovascular lesions and sleep disordered breathing was previously reported in the Sleep Heart Health Study. 15 This study showed that central sleep apnea might contribute to the progression of white matter disease. 15 But a correlation between severity of OSA and the prevalence of silent cerebrovascular lesions in patients with PSG-confirmed OSA has not been clarified. In this study, we examined the correlation between the prevalence of silent cerebrovascular lesions determined by brain MRI and the severity of PSG-confirmed OSA in Japanese patients.
MetHoDS
The study comprised 192 consecutive Japanese patients with no past history of CVD, who had undergone both an allnight PSG and brain MRI, over a period of 27 months, from March 2005 to June 2007. There were 170 men and 22 women (mean age, 50.6 years, range 22-76), with a mean body mass index (BMI) of 26.7kg/m 2 (range 17.9-41.0) and a mean AHI of 40.7/h (range 0-118.4). These subjects had undergone allnight PSG at the Center of Sleep Medicine, Dokkyo Medical University Hospital, Tochigi Prefecture, Japan. Tochigi Prefecture is situated in the north of the Kanto region and is one of Tokyo's metropolitan regions based on its proximity. All patients were requested to fill out a questionnaire regarding their medical history, frequently used medications, and lifestyle-related habits such as smoking and alcohol consumption. Then they underwent an all-night PSG and brain MRI. The interval between PSG and brain MRI was 63.8 ± 86.6 days. Smokers were divided into two groups: current and exsmokers. Patients were defined as heavy drinkers if their alcohol consumption levels were more than 60 g ethanol/day after converting the amount of alcohol consumed into grams of ethanol, as described previously 16 (100 mL of Japanese beer contains 4 g of ethanol; 180 mL of rice wine 22 g of ethanol; 100 mL of distilled spirit 20 g of ethanol; and 100 mL of wine contains 10 g of ethanol). The other risk factors for arteriosclerosis analyzed included hypertension, hyperglycemia such as impaired fasting glycemia (IFG), impaired glucose tolerance (IGT), diabetes mellitus and hyperlipidemia. Hypertensive patients were defined as those under treatment with antihypertensive drugs or those with either a systolic blood pressure over 140 mm Hg or a diastolic blood pressure over 90 mm Hg when measured in the outpatient clinic, based on the criteria of the Joint National Committee 7 (JNC-7). 17 The presence of IFG/IGT was defined according to a fasting plasma glucose level of > 100 mg/dL according to 2003 ADA recommendations or > 140 mg/dL at 2 h after meals or following an oral glucose tolerance test (OGTT), which was performed for all patients except those already under treatment with insulin or oral antidiabetic agents for diabetes mellitus. 18 Hyperlipidemia was considered present if the blood total cholesterol level was > 220 mg/dL, the triglyceride level was >150 mg/ dL or if treatment for hyperlipidemia was being given, in accordance to the Guidelines for the Diagnosis and Treatment of Atherosclerotic Cardiovascular Diseases issued by the Japan Atherosclerosis Society. 19 The PSG monitoring included electroencephalography (C3, C4, O1, and O2), electrooculography, chin muscle electromyography, electrocardiography, detection of airflow by thermistor, plethysmography for ribcage and abdominal wall motion, oximetry for measurement of arterial oxyhemoglobin saturation, detection of changes in sleeping position, and bilateral electromyography of the tibialis anterior muscles. All signals were recorded using the Alice 5 system (Respironics, Inc., Murrysville, PA, USA). The PSGs were performed for at least 8 hours. Sleep stages were manually scored according to the criteria of Rechtschaffen and Kales. 20 Apnea was defined as the absence of breathing for > 10 s. Hypopnea was defined as a reduction of more than 50% in breathing; in cases wherein the reduction in breathing was less than 50%, a condition of more than 3% oxygen desaturation or arousal for more than 10 s was defined as hypopnea. AHI was calculated as the average of the total number of apnea and hypopnea episodes experienced per hour of sleep. Oxygen desaturation index (ODI) was calculated according to the number of oxygen desaturation values greater than 3% per hour of sleep. In this study, patients were categorized into four groups according to the AHI: AHI < 5/h (control subjects), AHI 5 to < 15/h (mild OSA group), AHI 15 to < 30/h (moderate OSA group), and AHI ≥ 30/h (severe OSA group).
The presence of a silent cerebrovascular lesion was evaluated by MRI of the whole brain. The imaging protocol consisted of T1-weighted images (TR, 579 ms; TE, 15 ms), T2-weighted images (TR, 3800 ms; TE, 99 ms), and fluid-attenuated inversion recovery (FLAIR) images (TR, 9000 ms; TE, 105 ms) on 6-mm slices using a 1.5-T scanner (Siemens KK, Tokyo, Japan) for silent lacunar infarction and periventricular hyperintensity (PVH). Lacunar infarction represented lesions less than 15 mm in size in the region of the penetrating arteries on high intensity T2-weighted and FLAIR images. 21 The severity of silent lacunar infarction was classified according to the number of lacunar infarctions. The degree of PVH was classified into 5 categories based on FLAIR images: PVH 0, no PVH detected; PVH 1, PVH detected in the apex of the frontal or posterior horn; PVH 2, mild PVH detected along the lateral ventricle; PVH 3, PVH strongly detected along the entire lateral ventricle; and PVH 4, diffuse PVH detected in the deep white matter. 22 We used IDX Imagecast iPACS Viewer Version: 5.2.5.141841 (ID� Systems Corpo-(IDX Systems Corpo-IDX Systems Corporation, Burlington, VT, USA) to measure silent cerebrovascular lesions. A single trained neurologist who was blinded to the patients' clinical details evaluated the existence, location, and size of lacunar infarcts and degree of PVH on MR imaging.
The study protocol was approved by the Human Ethics Review Committee of Dokkyo Medical University, and informed consent was obtained from each patient.
All statistical analyses in this study were performed using BASE /SAS(r), SAS STAT(r) (Ver.8.02) (SAS Institute, Inc., Cary, NC, USA). The obtained results were expressed as the mean ± standard deviation or as proportions. The χ 2 test and Kruskal-Wallis test were used to compare proportions and continuous variables, respectively. The Cochran-Armitage and Jonckheere-Terpstra tests were used to evaluate whether AHI severity was correlated with the prevalence and severity of silent lacunar infarction and degree of PVH, respectively.
To assess the association of prevalence of silent cerebrovascular lesions or AHI severity with possible contributing risk factors, we used a stepwise multiple regression analysis of patients with OSA and control subjects. A p value < 0.05 was considered to be statistically significant.
ReSULtS
Of the 192 patients included in the study, 70 were current smokers (36.5%) and 31 were heavy drinkers (16.1%). With regard to analyzed risk factors for arteriosclerosis, 109 (56.8%) patients were considered hypertensive, 94 (49.0%) had hyperglycemia, and 118 (61.5%) had hyperlipidemia. A wide range of AHI severity was observed; 19 patients were in the AHI < 5/h range, 25 were in the 5 to < 15/h range, 35 were in the 15 to < 30/h range, and 113 were in the AHI ≥ 30/h range. The backgrounds of the 19 control subjects were: OSAS suspected but PSG with AHI < 5/h, 11 cases; REM sleep behavior disorder, 4; restless leg syndrome, 2; and narcolepsy, 2. Table 1 shows characteristics of subjects with mild, moderate and severe OSA as well as control subjects. The 4 groups did not differ with regard to gender ratio, proportion of current or ex-smokers and heavy drinkers, the prevalence of hypertension, and the prevalence of hyperlipdemia. However, a significantly higher proportion of patients with severe OSA had a higher BMI (p < 0.0001) and had hyperglycemia compared with control subjects and the mild OSA and moderate OSA groups (p = 0.0173). Values for parameters related to sleep disordered breathing were significantly higher (p < 0.0001) in the severe OSA group than in the control subjects, and mild and moderate OSA groups.
Silent lacunar infarction was identified in 4 (21.1%) normal subjects, 3 (12.0%) mild OSA patients, 17 (48.6%) moderate OSA patients, and 61 (54.0%) severe OSA patients (p < 0.0001). Prevalence of silent lacunar infarction among subjects with moderate and severe OSA (AHI ≥15/h) was higher than among the control subjects and the patients with mild OSA (p < 0.0001).
There were 0.4 ± 0.8, 1.4 ± 4.9, 3.7 ± 6.5 and 4.4 ± 6.9 silent lacunar infarctions per person among the control subjects and mild, moderate and severe OSA groups, respectively (p < 0.0001). Among the patients with moderate and severe OSA (AHI ≥ 15/h), the prevalence and number of lacunar lesions were higher than among control subjects and those with mild OSA (AHI < 15/h) ( Figure 1 ). PVH was identified in 4 (21.1%) of the control subjects and in 5 (20.0%), 19 (54.3%), and 61 (54.0%) patients in the mild, moderate, and severe OSA groups, respectively (p = 0.0004). The prevalence of PVH was significantly higher in the moderate and severe OSA (AHI ≥ 15/h) groups (p < 0.0001). With regard to the degree of PVH, 66 patients (34.4%) had PVH 1; 18 (9.4%) had PVH 2; 4 (2.1%) had PVH 3; and 1 (0.5%) had PVH 4. Furthermore, the degree of PVH according to OSA severity was evaluated. Among the control subjects, 4 (21.1%) had PVH 1, and none had PVH 2, 3, or 4. Two (8%) of the patients in the mild OSA group had PVH 1, while 2 (8.0%) and 1 (4.0%) had PVH 2 and 3, respectively; none had PVH 4. In the moderate OSA group, 16 (45.7%) had PVH 1, 2 (5.7%) had PVH 2, 1 (2.9%) had PVH 3 and none had PVH 4. Finally, in the severe OSA group, 44 (38.9%) had PVH 1, 14 (12.4%) had PVH 2, 2 (1.8%) had PVH 3, and 1 (0.9%) had PVH 4 ( Figure 2) .
In this study, we used the prevalence of silent lacunar infarcIn this study, we used the prevalence of silent lacunar infarction or PVH as a dependent variable and evaluated the order of inclusion in the model of the following independent variables: age, gender, BMI, smoking, alcohol consumption, hypertension, hyperglycemia, hyperlipidemia, AHI, and ODI. Among the 10 independent variables, age (p < 0.001 or p < 0.001) and AHI (p = 0.001 or p = 0.006) were predictors of the prevalence of silent lacunar infarction or PVH in patients with OSA and control subjects. On the other hand, we used AHI severity as a dependent variable and evaluated the order of inclusion in the model of the following independent variables: age, gender, BMI, smoking, alcohol consumption, hypertension, hyperg- has been generally accepted that age and hypertension are risk factors for silent lacunar infarction, 26, 27 and that hypertension is also a risk factor for PVH. 28, 29 The present results showed that moderate and severe OSA are associated with a high prevalence of silent lacunar infarction and PVH; however, it was not clarified whether OSA severity is an independent risk factor for the development of silent lacunar infarction or PVH.
The association between silent lacunar infarction and OSA severity is considered to be due to various biological reactions occurring during hypoxia, hypercapnia, and arousal associated with respiratory events. 30 The first biological reactions probably include an inflammatory response, oxidative stress, and relevant atherosclerotic changes due to abnormal hemostasis. Recently, blood levels of C-reactive protein (CRP) were reported to be high in atherosclerosis-based diseases such as cardiac and cerebral infarction. 31 Another study of the association between oxidative stress and CVD found that plaque instability was induced by increased oxidative stress followed by lipid oxidation. 32 Lavie et al 33 observed significantly high levels of oxidative stress in OSA patients and that OSA severity was associated with the levels of thiobarbituric-acid reactive substances and peroxides, which are markers of oxidative stress. Minoguchi et al 34 reported that the presence of silent brain infarction was increased in patients with OSA and was associated with an elevation in markers of platelet activation, such as soluble CD40L and soluble P-selectin, and systemic inflammation (CRP). These reports reveal that due to various changes associated with OSA, OSA tends to result in atherosclerotic changes. The second biological reaction in OSA is the hemodynamic change associated with respiratory events. Abnormal cerebrovascular hemodynamics have been reported to be associated with increased intracranial pressure followed by decreased cerebral perfusion pressure related to apnea. 35 The cerebrovascular system is generally controlled by an autoregulation mechanism that can secure blood flow to a certain extent if the cerebral perfusion pressure decreases. However, hemodynamic changes may still occur since this autoregulation mechanism is inadequate to protect the brain from the rapid fluctuations in pressure that are associated with apnea. 36 Hypercapnia associated with apnea and the accompanying changes in cerebral blood flow velocity and vessel wall tension that are associated with both these conditions lycemia, hyperlipidemia, the prevalence of lacunar infarction and the prevalence of PVH. Among the 10 independent variables, gender (p < 0.001), BMI (p < 0.001), hyperlipidemia (p = 0.020), the prevalence of lacunar infarction (p = 0.021) and the prevalence of PVH (p = 0.013) were predictors of AHI severity in patients with OSA and control subjects.
DiScUSSion
Our results indicate that moderate and severe OSA (AHI ≥ 15/h) are associated with a higher prevalence of silent lacunar infarctions and PVH than is mild OSA and that severe OSA is a possible risk factor for silent cerebrovascular lesions.
The prevalence of silent cerebrovascular infarction has been the topic of several epidemiological investigations. Kobayashi et al. 23 in analyzing asymptomatic cerebral infarction to evaluate the prevalence of silent lacunar infarction examined 505 patients (282 men and 223 women; age, 33 to 81 years) who had no history of CVD. Of these patients, 13.3% were diagnosed with silent lacunar infarction (16.3% and 6.7% of the men and women, respectively). The prevalence of silent lacunar infarction increased with age, with no patient less than 50 years of age being affected. Takagi et al 24 performed brain MRI on 1,258 patients (882 men and 376 women; mean age, 51 ± 10 and 53 ± 10 years, respectively) who had no history of CVD and found silent lacunar infarction in 9.5% of the male and in 5.9% of the female patients. Here, we investigated OSA patients with no history of CVD, and the results revealed a distinctly high prevalence of silent lacunar infarction among those with OSA. Approximately 50% of the study patients with moderate and severe OSA were found to have silent lacunar infarction. With regard to the severity of PVH, another study 25 examined 946 patients to determine the prevalence of asymptomatic cerebral infarction. They found that the prevalence of PVH increased with age; 21.1% of those with PVH were from 50 to 60 years of age. In our study, approximately 50 years was the average age of the subjects with moderate and severe OSA, and there was a high prevalence of PVH in these groups (54.3% and 54.0%, respectively). We also found that the prevalence of PVH in OSA patients is higher than that detected previously during health screening of the brain. 25 It sleep apnea may contribute causally to the observed deterioration in white matter grade.
15
In other words, patients with silent cerebrovascular lesions can be considered to be at high risk for symptomatic CVD. However, the long-term course of silent cerebrovascular infarction in patients with moderate and severe OSA and its outcome remains unclear; follow-up studies regarding silent cerebrovascular infarction in OSA patients have been conducted only on a small scale 41 rather than on a sufficiently large scale to clarify this issue. However, based on this association as revealed at present, treatment of OSA is essential and serves as surrogate prophylactic therapy for CVD.
In conclusion, results presented here suggest that the presence of silent cerebrovascular lesions in OSA patients is an important part of a preconditioning phase of symptomatic CVD. Therefore, from the viewpoint of stroke prevention, further studies are required to investigate the relationships between silent cerebrovascular lesions and the development of symptomatic CVD in patients with moderate and severe OSA.
were reported to result in long-term damage of cerebral blood vessels. 37 Further, atherosclerosis and hemodynamic changes by OSA are considered to be responsible for OSA-associated silent cerebrovascular lesions, and the association between silent cerebrovascular lesions and OSA severity can be predicted based on these factors.
On the other hand, CVD is a form of organopathy occurring due to hypertension, and it is considered to be related to the development of silent cerebrovascular lesions. OSA-associated hypertension might also be related to silent cerebrovascular lesions. Morning hypertension was found to be an independent risk factor for CVD based on the finding that symptoms of CVD commonly develop within 4 h after rising. 38 Shimada et al 39 reported that the prevalence of CVD is significantly higher in patients with non-dipping and extreme-dipping circadian blood pressure patterns than in those with normal dipping patterns. Moreover, it has been reported 38 that a large number of people with the non-dipping pattern have OSA. Davies et al 40 conducted a case-control study involving 2 groups (healthy subjects and OSA patients) and observed that the blood pressure values recorded, including overall diastolic pressure, daytime diastolic pressure, nighttime systolic pressure, and nighttime diastolic pressure, were significantly higher for OSA patients than for the healthy subjects. A possible explanation for the development of CVD in OSA patients may be that recurrent respiratory events occurring during the night cause frequent arousal accompanied by hypertension due to sympathetic hyperactivity, and that this hypertension continues until morning. In this study, we did not identify an association between systemic hypertension and the prevalence or severity of silent cerebrovascular lesions in OSA patients. This may be because our protocol involved measuring casual blood pressure in the outpatient department. It will be necessary to measure blood pressure during both the day and night rather than obtaining a single daytime measurement.
Munoz et al 11 reported that severe OSA with an AHI of 30/h is a risk factor for CVD in elderly people aged over 70 years. We found that subjects with moderate and severe OSA (AHI ≥15/h) had a high prevalence of silent cerebrovascular lesion.
Since gender and BMI were not matched in the present study, multivariate analysis was carried out considering latent factors that might affect the prevalence of silent cerebrovascular lesions other than a sleep related breathing disorder. As a result, age and AHI severity were found to be significant risk factors for the prevalence of silent lacunar infarction or PVH. Regarding AHI severity, gender, BMI, hyperlipidemia, prevalence of lacunar infarction, and prevalence of PVH were found to be significant risk factors. The result that males accounted for a majority of the study subjects and that the BMI was not matched among the 4 groups seemed to explain why gender and BMI were found to be significant factors. Interestingly, the result that the presence of lacunar infarction or PVH significantly affected AHI severity suggested the possibility that the presence of silent cerebrovascular lesions was involved in the process of deterioration of apnea. In elderly subjects (mean age, 77 ± 4.3 years), the potential importance of central sleep apnea was identified as a possible pathogenetic factor in the development of white matter disease rather than as a consequence of white matter disease in the Sleep Heart Health Study. 15 Robbins et al. noted that recurrent changes in cerebral blood flow with central
